interactions between poverty, as defined by the US Census Bureau, sex, and race/ethnicity, on adverse alcohol outcomes. Findings indicated that the effect of poverty on the past-year incidence of heavy episodic drinking was stronger among Black men and Black women in comparison to men and women of other racial/ethnic groups. Poverty reduction programs that are culturally informed may help reduce racial/ethnic disparities in the adverse outcomes of alcohol consumption.
has been described as a psychosocial stressor that can induce drinking as a means to cope [15, 16] , which is a motivation for drinking that may significantly worsen alcohol-related outcomes [17] , and multiple studies have identified associations between poverty or low income and heavy episodic drinking and alcohol-related problems [18] [19] [20] [21] [22] [23] [24] , though one study did not find this association [25] .
Intersectionality theory, rooted in Black feminism [26] , describes how institutional structures or processes operating at the intersections between multiple identities may create unique forms of burden for those who possess multiple identities that are marginalized or targeted by discrimination in society [27] . For instance, the burden of poverty may be substantively different for Blacks than Whites [26] . With intersectionality theory, one would posit that those experiencing multiple marginalizations would confer an additional unique risk of experiencing adverse outcomes of drinking, which could not be explained solely by the independent risks conferred by each marginalized status. Theorists argue that investigations into health disparities that examine single identities, such as poverty status alone, without considering the intersection with other identities, such as race and sex, are insufficiently comprehensive [28] [29] [30] [31] [32] [33] .
There has been an increasing interest in using the intersectionality framework to formalize the notion that adverse health outcomes owing to having a marginalized social status, identity, or characteristic, may be magnified for individuals with an additional marginalized social position, identity, or characteristic [28, 34] . The intersectionality framework was developed in the qualitative literature, yet several studies have applied this framework using quantitative methods to understand health disparities [31, 35, 36] . Analytically, the goal of quantitative studies that evaluate intersectionality theory may be to demonstate additive or multiplicative interaction [28] . In the case of multiplicative interaction, the observed joint effect of two social positions would be different from what would be expected when multiplying their independent relative effects [37] . For instance, the effect of living near or below the poverty threshold relative to living above the poverty threshold on the consequences of alcohol consumption may be magnified for women (relative to men) or Blacks or Hispanics (relative to Whites).
We are not aware of quantitative studies that have explicitly aimed to test propositions of intersectionality theory in the context of alcohol consumption to date. However, several important studies have analyzed the National Alcohol Survey, a cross-sectional, population-representative survey to describe disparities in drinking outcomes owing to interactions between socioeconomic conditions and race/ethnicity. Jones-Webb and colleagues [38] found that, among Black and White men, Black men with lower social class scores (a composite variable of income, educational status, and occupation) had a greater number of drinking consequences than White men with lower social class scores, with a significant interaction between social class and race. In contrast, Herd's [39] study of Black and White men did not find statistically significant interactions between race and measures of family income when examining drinking consequences. Neither of these two studies included women. A recent study by Zemore and colleagues [40] suggested the possibility that the associations between economic loss during the 2008-2009 recession and drinking outcomes were stronger among Blacks than Whites, though the interaction between economic loss and race/ethnicity only approached statistical significance (i.e., p < 0.10). Moreover, exploratory subgroup analyses, which could not account for potentially confounding factors owing to small sample sizes, suggested a stronger association between economic loss and drinking outcomes among Black men when compared to Black women [40] . The aforementioned studies provide some evidence that applications of intersectionality theory may yield useful data to inform public health programs that aim to reduce health disparities in alcoholrelated outcomes. Further understanding the extent to which effects of poverty on drinking outcomes are magnified or mitigated by other social positions, such as race/ethnicity and sex, could increase our understanding of alcohol health disparities and inform prevention efforts.
Therefore, informed by the intersectionality framework, the aim of the current prospective study was to estimate whether associations between poverty status and drinking outcomes are modified by race/ethnicity and sex among a nationally representative sample of drinkers. We examined three drinking outcomes over a 3-year follow-up period. Drinking persistence, which reflects the continuation of drinking and lack of abstinence from alcohol, was examined because although rates of abstinence are higher among women than men, Blacks than Whites, and those with lower incomes compared to those with higher incomes [41] , it is possible that who initiate drinking may be more likely to continue drinking in the context of multiple marginalizations, which could inform prevention activities directed towards those with drinking contraindications (e.g., pregnancy, certain medical conditions and medications) [42] . We also examined the presence of heavy episodic drinking, which is associated with health behaviors and health outcomes, including mortality, in epidemiologic studies [43, 44] . Last, we examined counts of alcohol use disorder symptoms, which are self-reported psychological, physical, or social outcomes related to drinking that interfere with functioning [45] .
We hypothesized that among drinkers, the effects of poverty on drinking persistence, heavy episodic drinking, and alcohol use disorder symptoms would be stronger among Blacks and Hispanics when compared to Whites, and stronger among women than men. Little data are available to inform a hypotheses regarding a three-way interaction between race/ethnicity, poverty, and sex, as prior research has lacked sufficient sample sizes [40] and has found three-way interactions to have only marginal statistical significance [46] . Intersectionality theory [27] would posit that the effect of poverty on drinking outcomes would be strongest among Black women in comparison to other racial/ethnic and sex group combinations. This is partially supported by empirical literature, with separate studies showing a stronger effect of neighborhood disadvantage [46] and economic disruptions [47] on alcohol outcomes among Blacks when compared to Whites, as well as prior findings showing that alcohol outcomes are worse among women than men [7, 8] . However, exploratory analyses in one study found a stronger association between economic loss and alcohol dependence among Black men when compared to Black women [40] . Given the mixed findings in the literature, we aimed to further explore a threeway interaction between poverty, race/ethnicity, and sex in a large, longitudinal, population-based cohort to inform future confirmatory work.
Method Data and study sample
Longitudinal data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) were used to identify Black, Hispanic, and White respondents who reported consuming at least one alcohol beverage in the year prior to the baseline interview and responded to the follow-up interview (n = 21,410). Prior studies have described NESARC methodology [48, 49] ; baseline interviews were conducted from 2001 to 2002, with a population-representative sample of noninstitutionalized adults living in the United States, followed by re-interviews from 2004 to 2005. There were 43,093 respondents in the baseline interview, and 34,653 were re-interviewed 3 years later, for an 86.7% follow-up rate. People who became institutionalized or impaired were not eligible for the follow-up interview. Nonresponse is unlikely to bias alcohol consumption estimates [50] . While NESARC oversampled Blacks, Hispanics, and young adults, American Indian, Alaskan Natives, and Asians were not oversampled. This resulted in small cell sizes when estimating interaction effects, and therefore, American Indian, Alaskan Natives and Asian respondents were excluded from analyses in the present study. The Group Health Research Institute Institutional Review Board approved this research.
Measures

Persistence
At the follow-up interview, the outcome of alcohol consumption in the past year was assessed among all 21,410 study subjects with the question, "During the last 12 months, did you have at least 1 drink of any kind of alcohol?" Because the sample was restricted to past-year drinkers at the baseline interview, those who said yes to this question at follow-up had persistent drinking.
Heavy episodic drinking
Sex-specific cutpoints were used to assess the outcome of any heavy episodic drinking in the past-year at followup [51] among those who continued to drink at follow-up (n = 18,540). For men, heavy episodic drinking was defined as drinking five or more drinks in a single day. For women, heavy episodic drinking was defined as drinking four or more drinks in a single day [42, 52] .
Alcohol use disorder symptoms
The Alcohol Use Disorder and Associated Disabilities Interview Schedule-IV assessed the outcome of alcohol use disorder symptoms at the follow-up interview among those who continued to drink at follow-up (n = 18,540) as defined by the Diagnostic and Statistical Manual of Mental Disorders-IV [53] . Symptoms of alcohol use disorder manifest as social impairment, risky use, having a loss of control of one's drinking, and physiologic changes due to alcohol use [54] . The alcohol use disorder (abuse or dependence) variable was based on a sum of the number of symptoms met in the past-year (range 0-11). This continuous scale approach of measuring severity is common [55] and has been deemed to be "virtually identical" to item response theory analyses that weight the individual symptoms for severity [56, 57] .
Poverty status
The primary exposure of poverty status was coded from the baseline interview using thresholds established by the US Census Bureau [58] . Family income thresholds that determine poverty status vary according to the number of individuals in the household and their ages (e.g. <18, 18-64, ≥65). The NESARC data included all variables necessary to code poverty status according to the threshold in year 2000. Three categories were used: poverty (<100% of the threshold), near poverty (100-150% of threshold), and not in poverty (>150% of the threshold).
Race/ethnicity and sex
At the baseline interview respondents were asked to select one or more categories that described their race. Ethnicity was assessed with the question, "Are you of Hispanic or Latino origin?" A US Census Bureau algorithm combined race and ethnicity hierarchically into mutually exclusive categories, three of which were used: Hispanic or Latino; Black, not Hispanic; and White, not Hispanic. Those selecting Hispanic or Latino would be classified as such, regardless of race. Those who selected both Black and White would be classified as Black. Sex was assessed by asking participants "What is your sex?" with response options of male and female. Both race/ethnicity and sex were considered as potential effect modifiers of the association between poverty and alcohol outcomes.
Covariates
Covariates were selected that were likely to confound the association between poverty status and alcohol outcomes [59] . Categorical variables were created for age (18-29, 30-44, 45-64 , and ≥65 years), marital status (never married, previously married, and currently married), education (less than high school, high school or high school equivalency, and greater than high school), employment status (not employed, disabled or retired, employed), health insurance (private insurance with or without public insurance, public insurance only, and no insurance), and religiosity (does not currently attend services; currently attends religious services at a church, synagogue, mosque or other place of worship). Also available in the data were US Census data on geographic region (of nine major census divisions in the United States) and urban/rural status (in metro statistical area and residing in a central city, in a metro statistical area but not in a central city, not in a metro statistical area) [60] . With the exception of religiosity, which was only assessed at the follow-up interview, covariates were coded based on their values at baseline. Analysis STATA 14.1 was used for all analyses [61] . Analyses adjusted for the complex survey design of NESARC using strata, cluster, and sampling weight variables to generate population-representative estimates with accurate standard errors.
Sample descriptive statistics
Characteristics of the analytic sample were described by calculating means and standard errors for count variables or proportions and standard errors for categorical variables.
Testing Intersectonality theory
Multivariable log-linear models with robust standard errors were used to analyze all outcomes. In addition to including main effects for sex, race/ethnicity, and poverty and adjusting for all covariates, analyses of heavy episodic drinking and alcohol use disorder symptoms adjusted for baseline measurements of the outcome variable to reduce bias in the estimated effects of poverty.
To test the intersectionality theory that the effect of poverty status on persistence, heavy episodic drinking, and alcohol use disorder symptoms was stronger among Blacks and Hispanics when compared to Whites, and stronger among women than men, multiplicative interactions of poverty with race/ethnicity and sex were estimated. A fully saturated model that included a three-way interaction between these variables and all two-way interactions was fit. An omnibus test of statistical interaction using the survey-adjusted Wald statistic was used to assess for the presence of any effect modification. This was a 10 degrees of freedom test, which included three levels of poverty status (below threshold and near threshold in comparison to the reference group of >150% of the threshold) interacted with six race/ethnicity-by-sex categories. For each outcome that had a statistically significant overall interaction based on this test, the method of predictive margins was used to generate model-based estimates of the outcome at each level of poverty, race/ethnicity, and sex [62] . Next, linear combinations of the interaction terms were used to estimate measures of relative effect, focusing on the effect of having incomes below the poverty threshold or near the poverty threshold in comparison to the reference group of having an income >150% of the poverty threshold, for different levels of race/ethnicity-by-sex. Last, the survey-adjusted Wald statistic was used to calculate pairwise contrasts to examine how the relative effect of a specific poverty status (below threshold or near threshold) significantly differed across strata of race/ethnicity and sex. These pairwise contrasts were only conducted if a five degree of freedom test indicated that the effect of a specific poverty status varied across race/ethnicity and sex.
Results
Sample characteristics
Baseline characteristics for the sample are described in Table 1 . With regard to outcomes, the weighted percentage of drinkers at baseline who had persistent drinking at follow-up was 88.0% (86.6% unweighted). Among past-year drinkers at follow-up, 38.3% engaged in heavy episodic drinking, and the mean value of alcohol use disorder symptoms was 0.7 (range 0-11).
Neither race/ethnicity nor sex modified the effect of povery status on drinking persistence or alcohol use disorder symptoms (Table 2) . However, the effect of poverty status on heavy episodic drinking at follow-up was modified (F [10, 56] = 2.83, p = 0.007); Table 2 (see Online Resource 1 for full regression estimates).
The incidence of past-year heavy episodic drinking within strata of poverty, race/ethnicity, and sex, as well as risk ratios (RRs) for the effect of poverty status on heavy episodic drinking within strata of race/ethnicity and sex, are presented in Table 3 . The incidence of past-year heavy episodic drinking at follow-up varied greatly across race/ ethnicity, sex, and poverty status. For instance, the pastyear incidence of heavy episodic drinking was as low as Table 3 , although the estimated effect of having an income below, relative to >150% of poverty threshold on the past-year incidence of heavy episodic drinking trended higher among Black and White women, the omnibus five degree of freedom test failed to reject the null hypothesis of no statistical interaction (F [5, 61] = 2.03, p = 0.087; not shown), suggesting that this effect did not vary significantly across race/ethnicity and sex.
In contrast, the effect of having an income near, relative to >150% of the poverty threshold on the past-year incidence of binge drinking did differ statistically across the six race/ethnicity and gender groups (F [5, 61] = 3.76, p = 0.005; not shown). Effect estimates suggested and pairwise contrasts confirmed the effect of having an income near relative to > 150% of the poverty treshold among both Black men (RR = 1.40) and Black women (RR = 1.48) was stronger than that of Hispanic men (RR = 0.98), Hispanic women (RR = 0.91), White men (RR = 0.91), and White women (RR = 1.00). In terms of incidence, this represents a 16.3 percentage point difference in past-year binge drinking when comparing Black men living near the poverty threshold to Black men living > 150% of the poverty threshold and a 10.6 percentage point difference between these poverty statuses among Black women (calculated from pastyear incidence values in Table 3 ).
Sensitivity analyses
While our primary analyses of heavy episodic drinking and alcohol use disorder symptoms focused on the differential effect of poverty by race/ethnicity and sex among those who remained exposed to alcohol at follow-up, an Table 3 Racial/ethnic and sex differences in the effect of poverty on the incidence of past-year heavy episodic drinking 3 years later (n = 18,540 drinkers at the baseline interview who continued to drink at the 3-year follow-up)
Bolded values indicate statistical significance (p < 0.05). Alphabetic superscripts that match across table cells indicate that the pairwise contrast between the two risk ratios was statistically significant (p < 0.05) based on a survey-adjusted Wald test. For instance, " a " indicates a significant difference in the effect of poverty (100-150% vs. >150% of the threshold) between Black men and Hispanic men; if a subscript is not present in any two groups, then differences between those two groups were not statistically significant. Incidence rates were calculated using model-based predictive margins fixing values for gender, race, and poverty and allowing covariates to vary based on values in the observed data. RR risk ratio, CI confidence interval. Estimates are adjusted for age, marital status, education, employment status, health insurance, religiosity, geographic region, and urban/rural status alternative question would be whether the poverty effect differed among those exposed to alcohol at baseline, regardless of whether they remained exposed 3 years later. Thus, we conducted sensitivity analyses examining the outcomes of heavy episodic drinking and alcohol use disorder symptoms among the whole sample of baseline drinkers (i.e., n = 21,410, which included those who stopped drinking at follow-up). Results were consistent with the main analyses (i.e., for the test of interaction: F [10, 56] = 2.98, p = 0.004 for heavy episodic drinking, NS for alcohol use disorder symptoms). Prior research suggests that there are protective effects of being foreign born on alcohol outcomes for some Hispanic groups, such as Mexican-Americans, and that these protective effects may differ by sex [63] . Because a large proportion of Hispanics (45.1%) in this sample were foreign born, we conducted additional sensitivity analyses excluding foreign-born Hispanics to see if this would change the results. Findings were consistent with our main analyses. The effect of poverty varied across race/ethnicity and sex for only the heavy episodic drinking outcome (F [10, 56] = 2.99, p = 0.004; NS for drinking persistence and alcohol use disorder symptoms). The largest difference in the incidence of past-year heavy episodic drinking when comparing results from the main analytic sample to the revised analytic sample was among Hispanic women below the poverty line (a past-year incidence of 28.5% in the main analytic sample [see Table 3 ] versus 30.0% in the revised analytic sample [not shown]).
Discussion
This large national longitudinal study of US residents applied intersectionality theory to understand combined effects of poverty, race/ethnicity, and sex on alcohol outcomes in an investigation that included both men and women, the three largest racial/ethnic groups in the United States, and a definition of poverty status that adhered to the US Census Bureau poverty threshold definition, which optimized its ability to inform policy and practice. Our findings support propositions outlined by intersectionality theory, such that the combined effects of poverty, race/ ethnicity, and sex on drinking outcomes were multiplicative. Specifically, among drinkers, the effect of living near, relative to substantially above, the poverty threshold on past-year heavy episodic drinking at a 3-year follow-up interview was dependent on race/ethnicity and sex. The effect of living near the poverty threshold (100-150% of the US poverty threshold) appeared strongest among Black men and Black women. Black men and Black women had a higher risk of heavy episodic drinking associated with having incomes near the poverty threshold than men and women of other racial/ethnic groups.
Our finding that the poverty effect appeared stronger among Black men than several other groups was consistent with a prior study focusing on men [38] , in which the positive association between social class scores (a composite variable of income, educational status, and occupation) and drinking consequences was stronger among Black men than White men, as well as other studies indicating that economic adversity may have a stronger effect among Blacks than Whites on the outcomes of alcohol consumption [40, 47] . The poverty effect in the current study also appeared stronger in Black women than in men and women of other racial/ethnic groups. The conceptual literature describes unique stressors in the experiences of poverty among Blacks. From a structural perspective, segregation, opportunity, and policing uniquely affect Blacks in poverty [15, 64, 65] , which could increase stress and a desire to drink to intoxication, and/or diminish self-efficacy to reduce consumption [47] . Additionally, at the interpersonal level, racial discrimination has been found to be associated with heavy episodic drinking among African-American youth [66] . Because the effect of living near the poverty threshold was worse among Black individuals in the sample, it is important to develop interventions that take elements of Black culture into consideration. For example, beauty salons and barber shops have been found to be promising venues for health promotion and interventions targeting physical and mental health largely in communities of color [67] . This may extend to interventions that could target drinking behavior in barber shops and beauty salons.
Moreover, the current analyses indicated that poverty had a stronger effect on heavy episodic drinking among Blacks than Hispanics, and additionally, the poverty effect among Hispanics was not significantly different from the effect among Whites. Reasons for these differences are not known. A prior study investigating the effects of job loss on alcohol-related outcomes found that social support buffered an association between psychological distress and days of intoxication among Whites and Hispanics, but not Blacks [47] . The authors noted that Blacks experiencing distress due to economic disruptions may have less access to social support than Hispanics, which could also include less access to financial support (which was not measured in that study nor in the current study) [47] , and which could explain these findings.
While living near or below the poverty threshold would subject individuals and their families to considerable stress, only the effect of living near (but not below) the poverty threshold, relative to living substantially above the poverty threshold, varied across race/ethnicity and sex. Perhaps those living near the poverty threshold may be subjected to a more chaotic living situation, with inconsistent access to means-tested benefits, given that many poverty programs are geared towards those living below the federal poverty threshold. An alternative explanation would be that those living near the poverty threshold may have more access to some disposable income in the context of stress and discrimination, providing a means to afford alcohol. It is also worthwhile to note that a magnified effect of poverty among Black men and Black women was present when investigating heavy episodic drinking, but not present when investigating drinking persistence or alcohol use disorder symptoms. The reason for these differences are unknown, as other studies have found a differential effect of socioeconomic conditions on alcohol use disorder symptoms or drinking consequences across race/ethnicity [40, 47] . More studies are needed to evaluate these outcomes across additional datasets, which would allow for a systematic comparison of differences.
Limitations
Racial/ethnic groups in this study were categorized with a Census Bureau definition that collapsed Hispanic/Latino ethnicity with race. The algorithm did not make distinctions between persons who identified with a single vs. multiple race or ethnic categories (e.g., 4.4% of Hispanics in this sample reported Black race), did not consider nativity status or languages spoken, and did not consider subgroups within ethnicity (e.g., Puerto Rican, Mexican, other Hispancs). A different algorithm may have yielded different results. Although beyond the scope of the current study, an additional limitation is the lack of a measure that examined the unique experiences that accompany being a non-White member of society in the US. While Black and Hispanics were oversampled in NESARC, Asian, American Indian, and Alaskan Natives were not, leading to smaller sample sizes for interaction analyses and a need to exclude these groups. Oversampling of all major racial/ethnic groups should be considered in future surveys with populationrepresentative designs. Whereas a significant strength of this study was its use of longitudinal data, an appropriate follow-up length for investigating the effect of poverty on drinking outcomes has not been established, as the vast majority of studies investigating how economic hardships impact drinking outcomes have been cross-sectional. The 3-year follow-up design may been too long to detect important fluctuations in the outcomes, or may have been too short to detect risks that accumulate over longer periods. This lag time and the possibility of unmeasured factors limited our ability to estimate causal relationships. Last, the mean number of alcohol symptoms were low in the sample indicating that there was little variability in this outcome, which provided limited statistical power to detect interactions.
Conclusions
This study described the joint effects of poverty, race/ethnicity, and sex on drinking outcomes in a national sample of Black, Hispanic, and White US residents. Findings provide support for using the intersectionality framework to investigate health disparities in the outcomes of alcohol consumption. Regarding heavy episodic drinking, we found that the effect of poverty was worse among Black men and Black women when compared to men and women of other racial/ethnic groups. Our findings may sugest that tailored alcohol prevention programs targeting Blacks in poverty could help reduce racial/ethnic disparities in the adverse outcomes of alcohol consumption.
